Objective-To evaluate changes in QT dispersion and components of the QT interval in patients admitted with unstable angina and acute myocardial infarction and to study the dynamics of these changes in patients with infarction. (Br Heart J 1995;73:32-36) 
Abstract
Objective-To evaluate changes in QT dispersion and components of the QT interval in patients admitted with unstable angina and acute myocardial infarction and to study the dynamics of these changes in patients with infarction. Methods-Prospective study recording electrocardiograms at 50 nmmis in patients admitted with typical cardiac chest pain. Subsequent confirmation of acute myocardial infarction according to standard criteria. Single blind analysis for QT dispersion and QT components using a digitiser and simple computer program. Results are expressed as native QT dispersion, QTc dispersion, and the QT dispersion ratio defined as QT dispersion divided by cycle length and expressed as a percentage. Results-QT dispersion, QTc dispersion, and QT dispersion ratio were all higher in patients with acute myocardial infarction than in those with unstable angina (mean (SD) 66 (18) ms, 75 (26) msi, and 8*1 (2.4) % compared with 38 (13) ms, 39 (13) msi, and 4 5 (1.7) % respectively).
Dynamic changes in QTc dispersion were seen after acute infarction with significant differences in the QT components occurring between the different patient groups. Levels of QT dispersion (87 (15) ms), QTc dispersion (105 (17) msi), and QT dispersion ratio (11.7 (0.8) %) in the four patients with ventricular fibrillation were significantly higher. Use of QT dispersion ratio gave a narrower confidence interval.
Conclusion-QT dispersion is increased after myocardial infarction and levels are higher in patients with ventricular fibrillation. The pain. Patients with manifest arrhythmia, bundle branch block and those taking antiarrhythmic agents or other medication likely to affect the QT interval were excluded. QT analysis was performed using a Calcomp 9000 digitizing tablet and a simple personal computer based computer program, as previously described. 8 The end of the T wave was defined visually as the point where the T wave returned to the TP baseline. The apex of the T wave was defined as the peak of the T wave and in the case of biphasic T waves the peak of the largest T wave component. Where the T wave was interrupted by a U wave before a return to baseline, the QT interval was measured to the nadir between the T and U waves. These definitions are in accordance with previously published work.8 As far as possible three complexes were analysed for each lead and all 12 leads were analysed. Leads where the T wave end could not be discerned were excluded from the analysis. ECGs with less than seven leads available for analysis were excluded (n = 2). The second ECG (usually performed the following day) in patients with confirmed myocardial infarction was also recorded at 50 mm/s to document changes in QT dispersion with time.
Acute myocardial infarction was defined according to at least two of the three World Health Organisation criteria:
(a) typical cardiac chest pain for >30 min; (b) serial ECG changes; (c) peak creatine kinase >twice the upper limit of normal.
Unstable angina was diagnosed on the basis of typical acute cardiac chest pain with ST segment changes but without either Q waves or a rise in cardiac enzymes; or typical acute chest pain with subsequent predischarge positive exercise test; or significant coronary artery disease (defined as one or more stenoses >70%) as shown by coronary angiography.
Results for QT dispersion are given as native values (QT dispersion), rate corrected using Bazett's formula (QTc dispersion), and the QT dispersion ratio which we have defined as QT dispersion divided by the cycle length in milliseconds and expressed as a percentage. Results are given as mean (SD) with statistical analysis performed using Student's t test and the paired t test for comparisons within patients. Results A total of 55 patients were enrolled into the study. Twenty five patients had unstable angina and 30 acute myocardial infarction, four of whom had an episode of primary ventricular fibrillation; all were successfully resuscitated.
The mean (SD) (range) heart rate expressed as cycle length in patients with unstable angina was 887 (167) (640-1200) ms and in those with acute infarction the values were similar with a mean cycle length of 824 (169) (610-1300) ms. The number of electrocardiography leads analysed in each group was also similar, averaging 10-4 for patients with unstable angina and 10-3 for those with infarction.
QT DISPERSION IN ISCHAEMIA AND INFARCTION
The mean (SD) admission QT dispersion in patients with unstable angina was significantly lower (38 (13) ms) than in those with myocardial infarction (69 (19) ms) (P < 0.001). The results were similar using rate corrected values with mean (SD) QTc dispersion values of 39 (14) msi for patients with unstable angina and 79 (27) msl for those with infarction (P < 0-001). The QT dispersion ratio was considerably higher in patients with acute infarction (8-6 (2-6) %) than in those with unstable angina (4 5 (1-7) %) (P < 0.001).
There was no significant difference in QT dispersion between anterior (n = 14) Figure 3 Comparison of the differences between means and confidence intervals for QT dispersion, QTc dispersion, and QT dispersion ratio in patients with acute myocardial infarction with and without ventricularfibrillation.
myocardial infarction. The ECG pairs were a mean of 5 and 19 h after the onset of symptoms. There was a small but significant decrease in heart rate between the two recordings (mean cycle length change = +57 (1 14) ms, P < 0 02). QTc dispersion fell in 18 patients (67%), remained unchanged in three and rose by 10 msi in three (fig 4) . The mean change in the 24 patients was a significant reduction of 24 msi (P < 0-01).
COMPONENTS OF QTc DISPERSION Figure 5 shows the mean QTc minimum and mean QTc maximum together with the rate corrected dispersion values for both the apex and end of the T wave in patients with unstable angina, myocardial infarction, and ventricular fibrillation. QTc end dispersion was increased in patients with acute myocardial infarction and was significantly higher in patients with ventricular fibrillation. There was no significant difference in QT end minimum in patients with infarction compared with that in those with ventricular fibrillation or unstable angina. Thus, QTc end dispersion was largely generated by prolongation of QTc end maximum. compare this with the native values and with a newly defined parameter, namely, the QT dispersion ration. QT rate correction suffers from many problems, not least the fact that nearly all the methods have been derived from observations made in healthy subjects and thus are probably inappropriate in the context of acute infarction. This paper provides direct evidence of important QT component changes with infarction as compared with those of ischaemia, suggesting that the approach is invalid. The use of the QT dispersion ratio may offer a better approach. It avoids the need for rate correction and offers a direct measurement of the time per cycle length for which the underlying recovery of ventricular excitability is disturbed. This is also the first detailed examination of QTc components (QTc end and QTc apex, QTc maximum and QTc minimum) and QT dynamics in a substantial ischaemic population. The complexity of the changes associated with unstable angina, infarction, and infarction complicated by ventricular fibrillation may help explain the often contradictory descriptions of the QTc interval as a risk factor after acute myocardial infarction. In some studies,910 prolongation of the QTc interval was associated with ventricular fibrillation.
Similar changes in
Other work,'" however, however, has been contradictory. The lack of standard criteria for measuring QT intervals, the differing measurement protocols used, and the failure to take account of the differences between different leads may explain these inconsistencies. group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from study but nothing is known of the effect of fJ blocking agents or other commonly used drugs on QT dispersion.
In previous work Day et al'4 used adjusted QTc dispersion to correct for the different number of leads analysed. Adjusted dispersion is derived by dividing the QTc dispersion value by the square root of the number of leads analysed. We have not used this correction for two reasons. First, the number of leads analysed was similar in all the groups (mean = 10) and at least seven leads had to be suitable for analysis, thus reducing the need to perform such an adjustment. Second, the mathematical basis of adjusted QTc dispersion assumes that all leads are equally likely to contribute to QTc minimum and QTc maximum; an assetion that may be flawed. This study was not designed to be the definitive examination of QT dispersion as a risk factor for ventricular fibrillation but rather to provide information that would permit design of such a study. Only four of the consecutively included ischaemic patients developed ventricular fibrillation but even in this very small group, significant QT measurement deviations were seen. The confidence limits are large for QT dispersion and QTc dispersion and extend beyond zero but are promising with the use of the QT dispersion ratio. A larger study will be necessary to determine accurately its predictive power. The dynamic nature of changes in QTc end dispersion imply that the admission ECG alone may not provide sufficient information. Real time monitoring of the interlead differences between QT intervals may have greater value as rapid changes in dispersion of ventricular recovery are probably more important that a single static value. Such a monitoring system should accurately track changes in QT end maximum and QT end minimum. Changes in the lead position of QT maximum or QT minimum with further ischaemia and/or extension of infarction may provide added difficulties and thus determination of the optimum number and position of leads to monitor will be important. Combined monitoring of both QT end dispersion and R-on-T ventricular extrasystolic activity may be an even more sensitive method for prediction of ventricular fibrillation with one method (QT dispersion) focusing on the arrhythmia substrate and the other (R-on-T extrasystokes) focusing on the arrhythmia trigger. Automated systems are necessary and improved algorithms for QT end detection required, however, to perform such monitoring.
